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Abstract
The material of the study was (α + β) -titanium alloy VT16. Samples were quenched from
different temperatures and then they were heated in situ on X-ray diffractometer. It has
been established that the period “b” of the orthorhombic martensite lattice showed
negative values of the coefficient of thermal expansion during heating.
Keywords: titanium alloys, XRD-analysis, orthorhombic martensite, coefficient of
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1. Materials and Methods
The material of the study were samples of VT16 titanium alloy (Ti-3Al-5V-4.5Mo,
weight. %), water quenched from 780, 800 and 820∘С (time of exposure was 30minutes).
Water quenched specimens were placed into XRD-diffractometer, equipped electric
furnace with a vertical θ-θ-goniometer in the angular range of 2θ = 52...66∘ in Kα Cu
radiation (λ = 0.154178 nm) in the temperature range 40...280 ∘С (temperature step of
20∘), for estimation of orthorhombic martensite lattice dependence on temperature.
2. Results and Discussion
Martensitic needles are present in themicrostructure of VT16 alloy specimens quenched
from various temperatures. The phase composition of the samples was determined
using X-ray phase analysis. The diffractogram patterns are shown in Fig. 1. The position
of the α-phase line varies little in the temperature range of quenching from 780 to 820
∘C. The observed β-phase is residual - not transformed during quenching. The lines
position of α”- martensite varies in different directions. Line (200), related to the period
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”a”, moves toward large angles with an increase in the hardening temperature. Lines
(130) and (022) are shifted towards smaller angles. Since α”-martensite lattice behaves
anisotropically. The data on the phase composition and the period of α”-martensite of
quenched samples are summarized in Table 1.
Figure 1: The VT16 diffractogram patterns of quenched from different temperatures samples.
Table 1: Phase composition, rhombicity (√3a/b) and α”-orthorhombic martensite lattice parameters of
quenched VT16 alloy.
Quenching
temperature,
∘C
Phase
composition
Orthorhombic martensite lattice
parameters, nm
R (√3a/b)
a b c
780 α”+β+ α 0,3062 0,4862 0,4617 1.09
800 α”+β+ α 0,3031 0,4905 0,4630 1.07
820 α”+β+ α 0,3016 0,4927 0,4641 1.06
Samples quenched from different temperatures were studied in situ in an X-ray diffrac-
tometer. The position of the lines shows a strong temperature dependency, and not only
the direct dependency, when the lines are shifted towards smaller angles, but also the
reverse, when the lines are shifted towards larger angles 2θ. A change in the intensity
of the lines clearly demonstrates the occurrence of the inverse α” - β transformation.
In this case, the intensity of the martensite lines decreases, and the intensity of the β-
phase lines increases sharply. In the samples quenched from themaximum temperature,
reverse martensitic transformation was not observed; the intensity of α”- martensite and
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β-phase lines remains unchanged over the entire temperature range. At Тq = 800 ∘C
the beginning of the reverse transformation is observed at T = 140 ∘C. At T = 200 ∘C,
the reverse transformation is basically completed and martensite remains only in small
quantities, the intensity of its lines changes slightly with further heating. At quenching
temperature of 780 ∘C, the high-temperature β-phase is mainly fixedwith a small amount
of martensite, which is completely transformed into the β-phase already at T = 100 ∘C.
We associate the presence of the temperature range of the reverse transformation pri-
marily with the inhomogeneity of the high-temperature β-phase [1]. The temperature
dependence of the relative change in the lattice periods of the orthorhombic martensite
during heating and the diffraction patterns of alloy samples quenched from various
temperatures are shown in Fig. 2. The values of the lattice parameters before heating
were used as the initial ones.
Figure 2 The diffractogram patterns of VT16 titanium alloy samples quenched from T =
820 ∘C (c) and the temperature dependence of the relative change in the lattice periods
of the orthorhombic martensite during heating
The coefficient of thermal expansion along the axes of the α”-martensite orthorhom-
bic lattice in the temperature range 30...100 ∘ C of the quenched VT16 alloy is presented
in Table 2. Analysis of the obtained data showed that the parameter “a” increases,
while the parameter “b” decreases in the process of heating, changing the values of
the parameter ”c” can be associated with the course of the transformation.
Table 2: CTE along the axis of α”-orthorhombic martensite lattice in the temperature range from 40 to 100∘C
of VT16 quenched alloy.
Т𝑞 , ∘C CTE·10−6, K−1
Along a Along b Along c
780 81 -37 -8
800 53 -27 7
820 45 -14 -1
Summarizing, a dependence of the rhombicity R (√3a / b) degree on temperature
was constructed. The rhombicity dependence on temperature is shown in Fig. 3. The
dependence of the change in the slope angle on the degree of rhombicity is well traced.
Namely, the slope angle is maximumwhenmartensite has the highest rhombicity degree
(at low quenching temperatures) and vice versa for higher quenching temperatures
(for martensite with the lowest rhombicity degree), the slope angle is low. The reverse
martensitic transformation occurs when martensite has a certain “critical” rhombicity
[2, 3]. According to literature data for the alloy Ti-3Al-7Mo [4], the “critical” degree of
rhombicity is the value R = 1.11. In the case studied, the “critical” R has a value close to
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Figure 2: The diffractogram patterns of VT16 titanium alloy samples quenched from temperatures 780 ∘C
(a) and 800 ∘C (b) and the temperature dependence of the relative change in the lattice periods of the
orthorhombic martensite during heating.
1.08. This difference is explained by a change in alloying, when part of molybdenum is
replaced by vanadium, namely, the presence of vanadium reduces the indicators of the
“critical” degree of rhombicity.
3. Conclusion
The anisotropy characteristics of the thermal expansion of the orthorhombic martensite
lattice of the VT16 titanium alloy, quenched from different temperatures in the (α + β)
region, were determined. The most significant anisotropy was found in the samples
quenched from a temperature close to the critical one.
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Figure 3: Dependence of the degree of rhombicity on the change in the orthorhombic martensite lattice
parameters of VT16 and Ti-3Al-7Mo [4] samples during heating.
As a result of the work, the coefficients of thermal expansion of the orthorhombic
martensite lattice of titanium alloy VT16 samples were determined.
The degree of rhombicity, above which the reverse martensitic transformation begins,
is determined. It is established that the presence of vanadium leads to a decrease in
the rhombicity values of the martensite lattice, above which the reverse martensitic
transformation occurs.
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